Introduction
Acute coronary syndrome (ACS) is an umbrella term that encompasses patients with coronary heart disease (CHD) who present with either unstable angina (UA) or an acute myocardial infarction (MI) consisting of ST-segment elevation myocardial infarction (STEMI) or non-ST-segment elevation myocardial infarction (NSTEMI).
1,2 ACS begins with the rupture of an unstable plaque within the coronary artery, with subsequent development of associated intravascular thrombus and potential for ischemic myocardial injury, resulting in significant morbidity and mortality. Based on data from 2009, the American Heart Association reported approximately 1.2 million hospital discharges with a diagnosis of ACS. 3 Moreover, in 2015, it is estimated that 635,000 Americans will 
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Page ii et al experience a new coronary attack (defined as the first hospitalized MI or CHD death) and approximately 300,000 will have a recurrent event. 4, 5 In terms of death, CHD was associated with one in every seven Americans in 2011, accounting for approximately 375,295 deaths, with approximately 27% of these deaths occurring in the hospital setting. 4, 5 The cost of hospitalization for ACS is expensive and continues to rise. In terms of direct medical expenditures, ACS costs Americans more than US$150 billion annually, with approximately 60%-75% of these costs related to hospital admission and readmission. [6] [7] [8] Several studies have been published evaluating the direct and indirect costs for patients who have been admitted for ACS. [6] [7] [8] [9] [10] However, the majority of these studies have only gauged the cost of the index hospitalization or costs at 30 days or 1 year following the index admission (eg, patients who have survived). None of these studies have directly calculated the cost of inpatient mortality for an ACS admission. The cost of inpatient death is an important consideration, as many of the large therapeutic ACS studies used to develop evidenced-based guidelines and health-system quality core measures take into account the outcome of cardiovascular mortality, which includes in-hospital death. [11] [12] [13] [14] [15] [16] [17] While hospitalization and in-hospital mortality for ACS continue to decline due to implementation of medical and pharmacological interventions, the economic burden of inpatient mortality could remain high. [1] [2] To fill this gap in the literature regarding the cost of in-patient death due to ACS, we compared the length of stay (LOS), total admission cost, and total admission cost by day for patients who died during an ACS-related inpatient admission with a matched cohort of those who were discharged alive following an ACS-related inpatient stay.
Methods
This study was a retrospective between-group comparison of inpatient admissions with a primary diagnosis for ACS in which patients were discharged alive (survived) or died during the hospitalization. As all patient data were de-identified, this study was reviewed and determined to be institutionally exempt.
Data source
The data for the study were obtained from the Truven Health MarketScan dataset. This data set includes medical, pharmacy, and enrollment claims from 100 employers nationwide, representing 40 million commercially insured patient lives.
Cohort identification
The study period was from January 1, 2009 to December 31, 2012. The unit of analysis for the study was inpatient admission claims, rather than patients. Inpatient hospitalizations with ACS in the primary diagnosis field (henceforth referred to as the index admission date) using International Classification of Diseases -9th Revision, Clinical Modification (ICD 9) codes for STEMI, NSTEMI, and UA (Table S1) during the study period were initially identified. From this group, the sample was narrowed further to admissions for patients who had a minimum of 6 months of continuous enrollment prior to their index ACS admission. The study cohorts consisted of two groups of admissions: those for which the patients died during the ACS admission and those for which the patients survived and were discharged alive following the hospitalization. Deaths were classified based on the Truven Health MarketScan discharge status. Admissions with a discharge status of "death" (the deceased cohort) were matched to remaining admissions (the survived cohort) on age categories (under 40, 40-44, 45-49, 50-54, 55-59, 60-64, or $65 years), sex, year of admission (2009, 2010, 2011, and 2012) , CCI score (0, 1, 2, 3, 4, 5, or $6), and the presence of any revascularization -percutaneous coronary intervention (PCI) or coronary artery bypass graft (CABG) -in the 6 month period prior to the index admission date to ensure statistically comparable samples of the deceased and survived cohorts. A one-to-one matching was performed on the mentioned variables. Only one claim from the deceased cohort was not matched to an equivalent claim from the survived cohort; thus, the final sample consisted of two cohorts: 1,320 admissions for the deceased cohort, and 1,319 matched admissions for the survived cohort. This resulted in 1,320 patients in the deceased cohort and 1,319 patients in the survived cohort.
Measures length of stay
The LOS for an ACS hospitalization for the survived and deceased cohorts was determined.
cost of hospitalization
The total cost associated with an ACS hospitalization was determined, which included all costs incurred during the admission by claim. The total cost was also determined based on diagnosis of STEMI and NSTEMI.
cost of hospitalization by day of discharge/death
The total cost of an ACS hospitalization for the survived and deceased cohorts, which included all costs incurred by claim during the admission, was stratified by the day of discharge/death. Stratification was done from 2 to 6 or more hospital days. 
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The cost of acs inpatient death analysis Both descriptive and adjusted analyses were conducted between deceased and survived cohorts.
The unadjusted analyses compared means for all specified outcome variables. Depending on the type of outcome variable, different statistical models were employed for the adjusted regression analyses to estimate the incremental effect of ACS-related inpatient mortality. A generalized linear model with log transformation was used to estimate the additional cost (the incremental effect of ACS-related inpatient mortality) for the deceased compared with the survived cohort. The same model was also used to estimate the mean incremental cost of ACS-related hospitalization for each day of hospitalization. A negative binominal regression model was used to estimate the differences in the expected ACS LOS between the two cohorts. The explanatory variables for all models included at baseline (in the 6 month period prior to the index admission date): sex; CCI score; age categories (45-49 years, 50-54 years, 55-59 years, and 60-64 years); region of the United States; type of insurance coverage (health maintenance organization, point of service, preferred provider organization), presence of revascularization procedures (PCI or CABG); and industry employment (manufacturing, transportation, services; see Table S2 for revascularization codes). All costs were inflated to 2013 dollar values.
Results

study population
From January 1, 2009 to December 31, 2012, a total of 99,924 claims (n=97,746) for an ACS admission were identified, of which 1,320 claims for deceased patients (n=1,320) were matched to claims for patients who survived their ACS admission (n=1,319; Figure 1 ). Table 1 shows that the baseline characteristics of age groups, sex, year of admission, CCI score, and prior revascularization were well-matched between deceased and survived cohorts. The majority of admissions were for male patients (68%) with a mean age of 57 years residing within the southern United States (41%-45%). The type of medical coverage varied between cohorts, with the majority of admissions for patients having point of service plans (60%-63%). Between 58% and 60% of admissions were for patients who worked within the oil and gas, mining, retail trade, finance, insurance, real estate, construction, wholesale, agriculture, forestry, or fishing industry.
Six months prior to hospitalization, the number of admissions for patients who had experienced a previous ACS event varied between groups. Of admissions in the deceased cohort (n=112), 8% had a previous diagnosis of STEMI, whereas 14% of admissions in the survived cohort (n=180) were for patients who had a history of an NSTEMI (Table 1) . Revascularization procedures and prior all-cause hospitalization during this time period were low for both groups: 6%-7% (P=0.996) had a PCI, 1% CABG (P=0.853), and 24%-26% a prior hospitalization (P=0.210). Compared with the survived cohort, a greater number of patients in the deceased cohort had a history of cardiac arrhythmias (8% vs 14%, P,0.001, respectively) and heart failure (HF) (9% vs 12%, P=0.012, respectively).
During hospitalization, the majority of admissions for patients in the deceased cohort carried a diagnosis of 
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Page ii et al STEMI (64%), compared with only 33% in the survived cohort (P,0.001).
Although no difference existed in the number of CABG procedures during the admission between groups, 57% in the survived cohort had a PCI compared with 44% in the deceased cohort (P,0.001). However, when stratifying based on the diagnosis of STEMI and NSTEMI, the majority of patients with STEMI received PCI in both the deceased (57%) and survived cohorts (84%) compared to patients with NSTEMI (22% vs 46%, P,0.001, respectively; Figure 2 ). Patients in the NSTEMI cohort had a slightly higher percentage of CABG (13%) compared to patients with STEMI (7%-9%). The incidence of both cardiac arrhythmias (69% vs 22%, P,0.001) and HF (36% vs 15%, P,0.001) was significantly higher during hospitalization for both the deceased and survived cohorts, respectively. In the deceased cohort, stroke increased from 3% prior to admission to 13% during hospitalization.
Unadjusted admission costs and total length of stay
The unadjusted total mean admission cost was US$82,965±US$138,104 for the deceased cohort, com- 
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The cost of acs inpatient death pared with US$40,568±US$53,415 for the survived cohort (P,0.001; Figure 3A ). The mean LOS was also significantly longer for those who died (7.5±9.9 days) compared with those who were discharged alive (5.2±4.9 days; P,0.001; Figure 3B ). When evaluating in-hospital death or discharge by day, the unadjusted mean cost for those who died climbed from US$32,285±US$29,732 on day 1 to US$60,817±US$75,393 by day 4 and remained relatively constant through day 6 (US$65,613±US$49,397; Figure 4) . A similar trend was seen in those who survived. The mean unadjusted cost at day 1 was US$14,779±US$11,690, which climbed to US$31,914±US$20,116 by day 5 and then increased to US$50,554±US$40,885 on day 6. However, on all days of discharge/death, the unadjusted mean cost of hospitalization was consistently higher on each day for the deceased cohort compared with the survived cohort and was statistically significant from days 1 to 5 (P,0.001; Figure 4 ).
When stratifying based on the diagnosis of STEMI and NSTEMI, mean costs of admission were higher for patients with STEMI compared to NSTEMI particularly for with the deceased cohort ( Figure 5 ). Compared to the survived cohort (n=434) with a diagnosis of STEMI, those in the deceased cohort (n=841) had a 1.8-fold higher mean admission cost (US$48,229±US$74,110 vs US$87,392±US$148,838, P,0.001). Similarly, findings were seen in those with NSTEMI, in which compared to those who survived (n=812), those who died (n=475) during their admission had a 1.9-fold higher mean admission cost (US$38,623±US$39,665 vs US$75,633±US$117,020, P,0.001).
adjusted admission costs
Compared with the survived cohort, the adjusted mean incremental total cost of an ACS admission was US$43,107±US$3,927 (95% CI: US$35,411-US$50,803) higher for the deceased cohort. When stratified by day of discharge/death, the adjusted mean incremental cost was US (Table 2) .
Discussion
To our knowledge, our study is the first to evaluate the economic ramifications of inpatient death associated with ACS within a commercially insured population. Although many economic analyses have evaluated the direct and indirect costs of hospitalization associated with ACS, particularly in a Medicare population, these studies have not determined an estimate of the claim cost associated with inpatient death 
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Page ii et al when ACS was a primary diagnosis. [6] [7] [8] [9] [10] We found that those with a primary diagnosis of ACS who died were more likely to have a STEMI and carried a high comorbidity burden, especially HF and cardiac arrhythmias, when compared with those who survived their ACS hospitalizations. Additionally, expected LOS for admissions during which patients died was 47% higher than those admissions during which patients survived. Compared with admissions during which the patient survived, the adjusted mean incremental total cost of an ACS admission was US$43,107±US$3,927 higher in claims for deceased patients. The adjusted mean incremental total cost of an ACS admission continued to climb for each additional hospital day, increasing approximately twofold by day 6. When taking into account ACS diagnosis, the mean cost of admission for those who died during their admission was approximately twofold higher compared to those who survived for both STEMI and NSTEMI.
In terms of characteristics of patients who died, our data are consistent with the literature, as approximately onethird of patients with STEMI die within 24 hours of onset of ischemia compared with only 15% of patients with UA/ NSTEMI who either die or experience a reinfarction within 30 days of hospitalization. 18 Cardiac arrhythmias, especially atrial fibrillation (AF), and HF are both common yet deadly comorbidities associated with ACS. In an analysis of the Global Registry of Acute Coronary Events registry, Steg et al found that the presence of HF in patients with ACS increased hospitalization by 2 days compared with those without HF (9 vs 7 days, P,0.0001, for STEMI; 8 vs 6 days, P,0.0001, for NSTEMI; and 5 days for both, P=0.317, for UA, respectively). 19 Furthermore, HF on admission was associated with a fourfold increase in crude hospital mortality rates (12.0% vs 2.9%; odds ratio: 4.6; 95% CI: 3.85-5.40). This increase in mortality was seen regardless of an ACS subset. For AF, Jabre et al 20 found in a meta-analysis of 43 studies involving 278,854 patients with MI that AF was associated with at least a 40% increase in mortality compared with that in control patients in normal sinus rhythm. 19 This finding persisted regardless of the timing of AF development. 20 Additionally, we found that patients in the deceased cohort had a significantly lower rate of PCI when compared to those who survived (44% vs 57%, P,0.001). However, this finding might be expected as patients within the deceased cohort had a statistically higher rate of comorbid conditions such as cardiac dysrhythmias (P,0.001), HF (P,0.001), and chronic kidney disease (P=0.023), which could preclude them from being an eligible candidate for revascularization in lieu of conservative medical management.
1,2 When stratified based on the diagnosis of STEMI and NSTEMI, our data are consistent with the 2011 Acute Coronary Treatment and Intervention Outcomes Network -Get with the Guidelines registry, which consisted of 119,967 patients 18 years or older who had been admitted with a diagnosis of STEMI or NSTEMI. 21 Based on patients eligible for revascularization, Figure 5 Unadjusted mean cost of an acute coronary syndrome admission by sTeMi and nsTeMi diagnosis. Abbreviations: nsTeMi, non-sT segment eleva ted myocardial infarction; sTeMi, sT segment elevated myocardial infarction. 
Mean cost of admission (USD)
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The cost of acs inpatient death 87.9% of patients with STEMI received PCI during admission compared to 49% with NSTEMI in the registry. Within our analysis, 84% of patients with STEMI and 46% of patients with NSTEMI in the survived cohort received PCI during their ACS admission. Finally, the mean LOS was significantly longer for those who died (7.5±9.9 days) compared with those who were discharged alive (5.2±4.9, P,0.001). In terms of LOS, our survived cohort findings are consistent with national data. In a recent analysis of Medicare data for all fee-for-service patients 65 years or older with a diagnosis of ACS, Krumholz et al estimated that the length of hospitalization for STEMI/NSTEMI to have decreased from 6.5 days in 1999 to 5.3 days in 2011. 22 Although several analyses have suggested a trend toward a reduction in ACS hospitalization and in-hospital mortality, having an estimate of the direct cost of inpatient death is an important consideration at many levels. [22] [23] [24] First, several of the clinical trials and analyses evaluating lifesaving pharmacotherapies and medical interventions in ACS have used inpatient mortality as a primary end point. Therefore, having a projected cost of in-patient mortality in patients with ACS, provides an estimate to gauge such benefits. For example, in the Gruppo Italiano per lo Studio della Steptochinasi nell'Infarto Micardico trial, streptokinase reduced in-hospital mortality by 18% when compared with standard of care (P=0.0002) and by 51% when administered within less than 1 hour of chest pain (P=0.0001). 25 Furthermore, many of the clinical trials of pharmacotherapeutic agents that are used acutely within the hospital setting and continued at discharge have used cardiovascular mortality as a composite of their primary outcome end points. In the Platelet Inhibition and Patient Outcomes trial, ticagrelor compared with placebo was associated with a 16% relative risk reduction in the composite end point of death from vascular causes, MI, or stroke (P,0.001).
14 Finally, in a meta-analysis of 23 trials consisting of 7,739 patients with STEMI that compared primary PCI with thrombolytic therapy, primary PCI resulted in a reduced short-term (4-6 weeks) overall mortality (P=0.0002) and long-term (6-18 months) overall mortality (P=0.0019) compared with fibrinolytic therapy. 16, 17 Second, from a policy perspective, the Centers for Medicare and Medicaid Services uses 30-day mortality for MI as a quality core measure to compare hospitals. 26 For example, the 30-day Centers for Medicare and Medicaid Services mortality measure currently includes deaths regardless of whether the patient dies while still in the hospital or after discharge. 27 With this in mind, having an estimate of the cost of in-hospital deaths that are due to ACS provides further evidence that the economic burden of ACS inpatient death still remains high. These data also suggest that additional strategies to potentially reduce these costs should be explored such as better management of high-risk patients prior to admission through disease and care management models, as well as, potential implementation of evidence-based therapies and addressing comorbid conditions during admission. 10, 28 Nonetheless, our analysis does have the following limitations. First, although ACS was the primary admission and discharge diagnosis for both cohorts, other comorbidities could have contributed to the death, ie, multiorgan failure or sudden cardiac death, which may not have been captured as a primary diagnosis for the discharge status. Additionally, as we are using claims data, we could not ascertain the exact timing of a patient's ACS symptoms, time to possible reperfusion, and patient-level risk factors such as blood pressure, weight, electrocardiogram changes, elevations in biomarkers, which could influence a patient's prognosis.
1-2 However, we were able to match between groups based on age, comorbidity burden through the chronic condition index and previous history of coronary artery disease through the presence of any previous revascularization prior to admission. Second, we did not match the deceased and survived cohorts for ACS subtype, as the uneven number of patients with STEMI, NSTEMI, and UA did not allow for an even matching across both cohorts. Third, in the adjusted analyses of the outcomes of interest, we did not control for specific comorbidities such as HF or cardiac arrhythmias that occurred either in the baseline period or during the ACS admission that could contribute to death. Rather, we took into account the total comorbidity burden through the CCI score. Also, within the survived cohort, we did not follow these patients longitudinally after discharge and the possibility exists that these patients could have been readmitted. Fourth, we also did not control all-cause prior hospitalization in the 6 month baseline period (prior to the index admission date), which has been associated with increased mortality for ACS patients. 29 However, our study population did not show any differences for this measure between the two cohorts (see Table 1 ). Finally, while total mean cost of hospitalization was evaluated, we were not able to identify specific contributors to these additional costs. The nature of the claim data only allowed us to determine the bundled cost for a total hospital admission. Additionally, the database utilized was not an inpatient database.
Conclusion
In-hospital death associated with ACS is extremely costly. Our study described critical and previously unknown 
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Page ii et al characteristics of an ACS hospital admission for patients who survived compared with those who died during the admission. Our findings demonstrate the economic consequences of inhospital mortality for ACS patients. Additional studies are needed in this population to determine if better management during an ACS admission is needed or if other approaches such as care management programs prior to admission can potentially reduce in-patient mortality-associated hospitalizations for ACS which may in turn impact costs.
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